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SOLUBLE 
MANNOSE RECEPTOR PEPTIDES 



This inv^^^- general f ; eld 

" * *nti-viral compounds, including 
anti-^icrobxal "^/^ ag ^ methods and reagents 
diagnostic compounds, as weix 

for maKing ana -^J-^r^icro.iaX agents . 

f TZr-e vi4 the — processes of 
r^tTc ^ - example, antibacterial agents of 
the infectiv struc tural analogs of 

the sulfonam ide claSS ; * ne nuoleot ide synthesis m 

p-aminobenzoic add, blooK p , cillln prevents the 

— rrST^ b^thesis. 

ffcoir effect by targeting the uniquely 
suramin achieve their effec y A2T has been 

retroviral enzyme reverse «* nsc " P Acquired 
proved for treatment of patien = J ^ ^ 
In mune Deficiency syndrome snother anti . 

Im unodeficiency Vlj«W.^ » J, sulfo te. 
vlr al agent the P * J ^ ^ soluble 

blocks binding of virions t g H9 
..annose-binding protein prevents infect ^ 

, a. u„ mtv-1 bv bindxng to tne nxy« 
ly mphoblasts by HIV 1 by glycoprotei n of the 

glycans expressed on the erw P ^ 185 - 19 6, 

retrovirus (Ezekowitz et al., J- 



25 

1989) . 



30 



summary 

In one aspect, the invention features a -xuble 

. • a-h least one (ana 
recombinant peptide «»«^ f^drate recognition 
preferabiy two, three or ~^ 1 J , portloIl o£ mannose 
domains derived from an ^ oapable o£ 
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acetylglucosamine, or fucose, by virtue of those 
carbohydrate recognition domain (s) (CRD). For example, 
the MRP-derived carbohydrate recognition domain can 
specifically bind eucaryotic or procaryotic pathogenic 
5 cells (e.g., bacteria, fungi, or viruses) having exposed 
configurations of the specified sugar moieties on their 
cell wall or on the envelope glycoprotein. In addition, 
a peptide containing the MRP-derived CRD can specifically 
target cancer cells which have any exposed mannose 
10 residues as a result of abberant glycosylation. Peptides 
according to the invention offer a probe for such cells, 
or a tool for delivery of specific molecules (e.g., 
toxins or cell specific molecules such as the T-cell 
antigen, CD4) to those cells, or an in vivo marker for 
15 those cells to the immune system. The domain (s) are said 
to be MRP-derived in that they generally contain at least 
150, or preferably 300 contiguous amino acids homologous 
to a sequence of one or more carbohydrate recognition 
domains of the mannose receptor protein, shown in Fig. 3. 
20 The soluble peptide lacks the transmembrane and 

cytoplasmic regions of MRP. By peptide is meant a chain 
of about ten or more amino acids, including larger 
polypeptides and proteins, that are useful in this 
invention. The peptide may be glycosylated via 0- or N- 
25 linkages. By recombinant peptide is meant a peptide that 
is expressed from engineered nucleic acid, defined below. 

In another aspect, the invention features 
engineered nucleic acid (preferably cDNA) encoding such a 
soluble peptide. By engineered nucleic acid is meant 
30 nucleic acid removed from its natural environment (i.e., 
from naturally adjacent nucleic acid) by purification or 
recombinant DNA methodology; the term also includes 
synthetic nucleic acid or cDNA. This nucleic acid may be 
a fragment of DNA or RNA, it may be present in a vector 
35 system (e.g., a plasmid, cosmid or phage), or it may be 
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within the genome of an organise In some cases such 
^leic acid is purified and include, a homogeneous 
preparation of desired nucleic acid ^ ^ 

Tn nref erred embodiments, the pepuj. 
In preferr charact eri 2 ed by at least 

5 acid encoding it are further sequenC e of at 

identity at the amino acid level to a s q 
\ 1 150 and preferably 300, contiguous amino acids of 
least 150, and recogni tion domains of mannose 

one or more carbohydrate recog ^ Btide inc ludes the 

in other preferred embodiments, the nucleic acid 
In other pret contiguous 
substantially corresponds to at least 
bases of the nucleic acid encoding the soluble 
e^racellular fragment of mannose receptor 
extrace . 3Q and descrlb ed 

15 deposited m the ATCC as ATCC ^ ^ 

herein as nucleotides 1-4212 of Sfcy i" 
Tcl^c acid is ligated to nucleic aci< , enco n the 

cholera toxin) , or to nucleic a ^ 
20 capable of fixing complement. The hybr P * 

hv such ligated nucleic acid are especially 
encoded by such lig MlMle to be targeted to 

useful for causing ah effector 
an undesired cell or other organism, such « 

The peptides described above, and antibodies t 

25 those pe'idU may be used in -J^-^ 
egents. Preferably the peptide is purif e ■ 

peptide is -~ iall ^/ eP nrpr 0 vlded as a homogenous 
peptides. Most prefera ly i 1 - P-id^ ^ ^ 

substance useful for the treatment of a ^* 
border, by diagnostic agent is meant su « 

^"V^T^tX. -Mention features 
„ methods "oJ treating an animal, e.g., a human, infected 
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with a bacterium, fungus, or virus. (By bacterium, 
fungus, or virus is meant to include any type of 
undesired cell or other organise that is capable of 
causing an infection.) One such method includes 
5 providing and administering a therapeutically effects 
amount of a therapeutic agent or peptide including a 
soluble extracellular portion of mannose receptor protein 
capable of specifically targeting cells expressing 
mannose, N-acetylglucosamine, or fucose. The therapeutic 
10 agent or peptide causes direct inhibition of growth of 
the infective organism, or causes host defensive cells, 
e.g., macrophages, to be attracted to the pathogenic 
organisms which are thereby inactivated. Such 
inactivation may be aided by the presence of complement 
15 which is fixed by the peptide. A therapeutically 
effective amount is that quantity which produces a 
significant physiological effect in the patient and is 
recognized by those of ordinary skill in the art to 
depend upon the size and weight of the animal as well 

20 other well known factors. 

in preferred embodiments, the peptide is a 
therapeutically effective fragment of the soluble 
extracellular portion of mannose receptor protein; the 
peptide is able to inhibit (e.g., reduce or prevent) 
2 5 growth of, or infection by, the bacterium, fungus, or 
virus, and is a peptide as described above. Most 
preferably, the animal is human; the infection is one 
that results in a bacteremia or local bacterial 
infection, parasitic infection, or fungal colonization, 
30 and the route of administration is either intravenous, 
intramuscular, oral, or local, e.g., in the form of a 
powder, or lotion, preferably at 5-100 *,/»!, -ore 
preferably at 25 „/-!, or the virus is HIV or . . related 
virus, and the peptide lowers the rate of infection of 
35 eucaryotic cells by the virus; the protein or peptide is 
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preferably 100-150 /ig/rol) ^ir^l 
provided at 1-500 w/ml <* re£e " * Alternatively, 
concentration in human serum fining ^ or 
lipW vesicles, or ^^^Z'^ administered 
antibiotics are •^3^- -i» - 

5 directly to the patient Such yp ^ 
to the infected area by the P^pt ^ y retarding or 

tte ly posomes -^^La cells or organises in 
preventing growth of the targe 

the targeted area. inV ention features a 

in a relate* ^aspect the ^ administration of 
coated catheter, useful for M ^ ^ one of 

fluids to a patient. The ca impregnating the 

t*. above-described peptides, e.g^. by^ P ^ 
catheter material with the pep tide- Th e P P ^ 
16 the rate of bacterial, fungal or viral 

patient through the catheter & 

. In £ungus ° r virus ' 

for diagnosing infection j a 
The method includes detecting these urn otelns 
20 pathogen that expresses one o of binding of 
receded by «P. « -^"^^ ^ ^ ^ „ £ the 
a peptide according to the inv re£le cts the 

serum. .he /^^e -bl - the method 
25 fe^rmlLrinftrpeptide by immunologic or 

fluorescent technxques. invention features a 

t« a related aspect, tne i»v Bl 
1 ; oMficallY recognizing a peptide 

purified ^tibody specxfxcally ^ preferably 

according to the xnventxon. The a monoclonal or 

30 provided as a homogeneous useful for 

polyclonai ^'^^p^tion - 
purification of the according to the 

receptor protein or peptides thereo disclosed 
invention, and for diagnosis of xnfectxon 



35 above. 
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In a final aspect, the invention features a 
purified soluble peptide comprising the extracellular 
portion of mannose receptor protein, said peptide lacking 
the mannose receptor protein transmembrane and 

5 cytoplasmic regions. 

Other features and advantages of the invention 
will be apparent from the following description of the 
preferred embodiments thereof, and from the claims. 

ur-^-e nescr ^"" of *h«» Drawings 
10 Fig. la shows the nucleotide base sequence and the 

corresponding amino acid sequence of the extracellular 
portion of - the mannose receptor protein, described herein 
as nucleotides 1-4212 of SEQ ID NO: 1. 

Fig. lb shows the nucleotide base sequence and the 
15 corresponding amino acid sequence of the transmembrane 

and cytoplasmic portions of the mannose receptor protein, 
described herein as nucleotides 1-4212 of SEQ ID NO: 2. 

Fig. 2 is a schematic diagram including the 
functional regions of the extracellular portion of the 

20 mannose receptor protein. 

Fig. 3 shows the correspondance of the ammo acid 
sequence of the various carbohydrate recognition domains 
of the mannose receptor, using the single letter ammo 
acid code. 

25 n^rinHon r> ^ Preferred Timbodiment 

Soluble recombinant peptides derived from an 
extracellular portion of the mannose receptor that 
contains one or more carbohydrate recognition domains 
(CRDs) are able to recognize carbohydrates with a 
30 specificity comparable to that of the native membrane- 
bound mannose receptor. Such soluble mannose receptor 
peptides can be immobilized or attached to a portion of 
another molecule without losing effective carbohydrate 
recognition capacity. 
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Exposed sugars like mannose and N- 

. a feature of the cell walls of many 

acetvlalucosamine are a feature 01 

parens, whereas higher organise, including — and 
animals, tend to have masKed internal mannose rescues 
r that are not recognized by the mannose receptor. 
5 soluble mannose receptor P^""*™ *° 

the invention are useful in therapeutic agents in that 
^"pacifically hind mannose-rich pathogens, xnc udxng 
bacteria, fungi, yeasts, parasites, or 
l0 glycoproteins of certain viruses. Such peptxdes can also 
specifically target cancer cells having exposed — . 
residues as a result of abberant glycosylatxon. when 
Zl soluble peptides are attached to other 
as macrophages or peptide portions that fix comp erne nt 
15 or used as a tool for the delivery of specxfxc 

such as toxins or cell-specific agents to mannose-rxch 
pathogens, the peptxdes can direct removal of such 
pathogens from the patient. The soluble peptxdes 
fccording to the invention are also useful as probes xn 

20 dla9nOSi T he amino acid seguence of the mannose receptor, 
from which peptides according to the Mention are 
derived, is inferred from the cDNA seguence (Figs, la 

lb) and analyzed below^ cam/t iM^ 
oc Referring to Fig. 2, tne i"" 1 - 

ac ids at the NH- terminus. Without being 

of 134 ammo acias ax: tne «n 2 

region is n ^^re, it may be deleted without 

the invention, and, therefore, P , efer red 
30 departing from the spirit of the "ventxon Preferre 
soluble peptides according to the xnventxon, however, 

include this domain. ,,=.ia2 
The second domain spans from residues 135 188. 

Without being bound to any theory, this domain 
35 be related to fibronectin type II. -*nd it Bay play a role 
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in interaction with the extracellular matrix and 
contribute to the spreading and adhesion of tissue 
macrophages expressing the full length receptor. As with 
the first domain, the second domain is not essential to 
5 the practice of the invention, but preferred peptides 
include it. 

Carbohydrate recognition domains (CRDs) comprise 
the remainder of the extracellular portion of the 
receptor. Specifically, there are eight segments related 
10 to C-type carbohydrate recognition domains (CRDs) of 
animal lectins reported by Drickamer, J. Biol. Chem. 
263 :9557-9560 (1988)^ These CRDs are discussed in 
greater detail below, and they are central to the 
invention. 

15 a transmembrane region and a COOH-terminal 

cytoplasmic domain are truncated from the receptor in 
peptides according to the invention to enhance solubility 
and facilitate therapeutic application of such peptides. 
Surprisingly, after truncation of the transmembrane and 
20 intracellular portions of the receptor, the molecule 
retains carbohydrate binding capacity effective for 
various purposes discussed elsewhere in this application. 

Preferred peptides according to the invention 
include at least one or more, and preferably four or 
25 more, of the eight carbohydrate recognition domains 
(CRDs) depicted in Fig. 2. The sequences of the 
individual CRDs are shown in Fig. 3 with the numbering of 
the starting amino acid of each CRD keyed to the amino 
acid sequence of the entire soluble extracellular portion 
30 of the mannose receptor as shown in Fig. la, nucleotides 
1-4212 of SEQ ID NO: 1. 

Those skilled in the art will recognize that it is 
possible to vary the specific sequence of the soluble 
carbohydrate-targeting peptide being used, without 
35 deviating, from the concept and spirit of the invention. 
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The entire extracellular portion of the mannose receptor, 
truncated to remove the transmembrane portion and the 
cytoplasmic tail of the full length receptor, is a 
preferred peptide, but CRD-containing fragments of the 
truncated receptor are also within the scope of the 

invention. . . ^ 

Not only does the invention cover CRD containing 
fragments of the truncated receptor, it also covers 
conservative mutations of the truncated receptor and its 
fragments. Preferably, a peptide according to the 
invention includes multiple (two or more and, preferably, 
four or more) CRDs of mannose receptor protein. 
Moreover, individual CRDs can be repeated to further 
increase the carbohydrate binding capacity of the peptide 
according to the invention. Merely by way of example, 
and not as a limitation, the peptide can include multiple 
copies of one or more of the specific CRDs of the mannose 

receptor, shown in Fig. 3. 

isolated nucleic acid encoding a CRD of mannose 
receptor protein is useful for producing recombinant 
peptide fragments of the protein. In addition, the 
nucleic acid can be modified by standard techniques in 
order to express the same or modified peptides; e.g. , by 
conservative base substitution the nucleic acid can be 
modified and still encode the same amino acid sequence, 
or the nucleic acid can be modified to encode a 
conservative amino acid substitution, which will preserve 
the tertiary structure and the distribution of charged 
amino acids in the peptide. 

We now describe a specific cDNA clone of the 
extracellular portion (ectodomain) of mannose receptor 
protein (MRP) . The clone is described not only as a 
specific example of the invention but also as a starting 
material to obtain other peptides according to the 
invention using methods of producing candidate peptides 
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and methods for screening such candidates for mannose 
affinity, as described below. 

fflH-T^ y r»i™<n« of »mi T^nath MPP an* Processing of 
^ „™» +o on ^ e and ov pr« B « TieotidP* of the invention 
Sequences for probes were determined by obtaining 
sequence information from purified receptor. Receptor 
was purified from alveolar macrophages or human placenta 
as described (Lennartz et al., J. Biol. Chem. 262:9942, 
X987) 

Degenerate oligonucleotide probes were synthesized 
on a Dupont oligonucleotide synthesizer, purified by gel 
filtration, and labeled with 32 p-ATP and polynucleotide 
kinase. Radiolabled probe was used to screen a P CDM8 
placental cDNA library (gift of Dr. B. Seed, Harvard 
15 Medical School) by colony hybridization. Twenty-five 
positive clones were isolated by two rounds of 
amplification and analyzed. The longest clone (3.3kb) 
was found upon analysis to contain sequences encoding a 
number of peptides that had been derived from the 
20 placental mannose receptor (Taylor et al., J. Biol. Chem. 
265:12156, 1990). This 3.3kb placental derived clone was 
radiolabeled and used as a probe to isolate the 
macrophage mannose receptor cDNAs from a 7 day macrophage 
cDNA library (Ezekowitz et al., J. Exp. Med., in press, 
25 December, 1990). A 750bp cDNA derived from the 5' extent 
of the placental mannose receptor cDNA was utilized to 
isolate 5' clones from the macrophage library. A full- 
length CDNA was then assembled in a GDM8 expression 
vector . 

The sequence of macrophage mannose receptor is 
identical to the placental form except for a C to T 
polymorphism at nucleotide 2284. The initial placental 
clone was sequenced by double stranded sequencing using a 
modified T7 polymerase, Sequenase® (U.S. Biochemical, 
Cleveland, Ohio) based on the Sanger chain termination 



30 



35 
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method (Sanger et al., Proc. Natl. Acad. Sci., USA 
74:5463, 1977). Specific oligonucleotides were 
synthesized and used as sequencing primers. For phage 
clones, 2Ml of purified stock was annealed to XGTll 
5 primers from each of the arms and the taq polymerase 
amplified product obtained after 25 cycles (94 °C, 30s 
denaturation, 55<»C 30s annealing, and 72 °C 3 minute 
extension) on a thermal cycler (Dorfman et al., Bio. 
Techniques, 7:568, 1989), and the products were gel 
10 purified by agarose gel electrophoreisis. The purified 
products were digested with EcoRI, subcloned into a pUC- 
19 vector, and the nucleotide sequence determined as 

described above. 

The encoded protein sequence deduced from the 
nucleotide sequence is shown in Figs, la and lb (SEQ ID 
NO: 1) . The open reading frame predicts a protein of 
1438 amino acids which is consistent with the estimated 
molecular weight of the receptor polypeptide (150kD) 
after the N-l inked sugars have been removed. (Lennartz 
20 et al., J. Biol. Chem. 264:2385, 1989; Taylor et al., J. 
Biol. Chem. 265:12156, 1990; Ezekowitz et al., J. Exp. 
Med., in press, December, 1990). 

The features of the membrane bound mannose 
receptor protein are depicted in a schematic diagram 
25 (Fig. 2) and include (i) a typical hydrophobic signal 

peptide; (ii) a cysteine rich NH 2 terminal region; (iii) 
a fibronectin type II domain; (iv) eight carbohydrate 
recognition domains; (v) a hydrophobic transmembrane 
region; and (vi) a cytoplasmic tail. The NH 2 terminal 
30 amino acid is defined by an N-terminus peptide as Leu, 
which is preceded by Ala-Val-Leu, a typical recognition 
sequence for a signal peptidase (Von Heijne, Eur. J. 
Biochem. 133:17, 1983). 

For encoding and expressing peptides of the 
35 invention, cDNA encoding the full length -mannose receptor 
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protein (MRP) was first derived in a CDM8 plasmid 
expression vector as described above. A construct of the 
cDNA encoding soluble mannose receptor peptide was then 
prepared in a CDM8 plasmid by a multiple step procedure, 
5 as follows. 

Referring to Figs, la and lb, in the first step: 
an antisense primer was designed from a 3' end, at base 
pair 4169, to a 5* end, at base pair 4201, to contain a 
Hpa l site. The sense primer was prepared from a 5 1 end 

10 at base pair 3475 and encompassed the Nsil site base pair 
3510. The primers were annealed to full length mannose 
receptor cDNA, and a 726 base pair fragment was amplified 
using the polymerase chain reaction technique (PCR) . The 
full length cDNA mannose receptor in CDM8 was then 

15 digested with Nsi l and Hpa l which released a fragment 

from the unique Nsi l site in the cDNA to the Hpa l site in 
the vector, thereby removing (see Figs, la and 2) the 
last three amino acids of the ectodomain, the entire 
transmembrane region, the entire cytoplasmic domain, and 

20 some vector sequence. This fragment was replaced with 
the 726 bp PCR fragment, thereby creating a clone (SMR) , 
confirmed by sequence analysis, which contained cDNA 
encoding the signal peptide and the entire ectodomain of 
the mannose receptor (except for the last three amino 

25 acids) . This clone is capable of generating a soluble 
mannose receptor peptide. This construct can be 
transfected stably or transiently into a mammalian 
expression system, and the soluble receptor peptide 
expressed is secreted into the medium. 

30 From this plasmid, which has been deposited in the 

ATCC as ATCC No. 68430, a series of truncated forms of 
soluble mannose receptor peptide containing various 
numbers of carbohydrate recognition domains can be 
constructed by standard molecular biological techniques, 

35 either by using the polymerase chain reaction or 



WO 92/07579 



PCT/US91/08320 



- 13 - 



10 



15 



20 



25 



convenient restriction enzyme sites to create molecules 
that can be secreted. Alternatively, standard molecular 
biological techniques may be used to isolate other 
nucleic acid (especially cDNA) clones encoding the 
extracellular portion of the mannose receptor protexn by 
procedures analogous to those described above. 

Expression vectors suitable for peptide expression 
also include standard bacterial, yeast, and viral 
expression vectors, as well as eucaryotic vectors. Those 
skilled in the art will realize that such vectors 
generally are suitable for expressing peptides of the 
invention. 

Expression of soluble human mannose receptor 
peptides by these vectors and organisms can be followed 
using a mannan affinity column such as sepharose-mannose. 
The column is first contacted with the expressed 
material. Peptides able to recognize and bind mannose 
are bound to the mannose-sepharose matrix, eluted with 
50mM Tris/IOM EDTA, and identified using 8% 
polyacrylamide gels (with Laemmli buffers, Nature 
227:600, 1970). Those clones which produce peptides able 
to bind to such a column are among those useful m this 
invention. 
n r qK OF TP ^ PEPTIDES 

Soluble mannose receptor peptides expressed as 
described above are useful for specifically targeting (or 
specifically recognizing) cells expressing carbohydrates 
such as mannose, N-acety Iglucosamine , or fucose on their 
surface. Thus these peptides are useful in agents for 
diagnosing or treating infection by a wide variety of 
pathogenic organisms, e.g., Leishmania proamastigotes, 
Pneumocystis carinii, Candida albicans, Microbacteria 
tuberculosis (and other atypical mycobacteria) , Human 
Immunodeficiency Virus Type 1 (HIV-l) or influenza virus. 
Such" agents are also useful _f or treating opportunistic 
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infections such as those that arise in patients with 
cancer, patients undergoing chemotherapy or bone Barrow 
transplants, or patients suffering from "on^l « 
acquired immune deficiency diseases, such as AIDS, 
addition, such agents can specifically target cancer 
cells having exposed mannose residues as a result 01 
abberant glycosylation. 

For non-viral pathogens, removal by host defense 
mechanisms is achieved by directing attachment of a 
soluble mannose receptor peptide, in conjunction with the 
cell attachment site of a receptor such as the mannose- 
binding protein, to the surface of phagocytic cells ^ 
tnereby enhancing the clearance of the pathogens from the 
circulation by causing the phagocytes to recognise the 
pathogens. For viruses which express mannose-nch 
glycoproteins, direct inactivation of the virus and viral 
infected cells is accomplished by attaching toxins, such 
as ricin, cholera, diphtheria, or pertussis, or 
antimetabolic drugs, such as AZT, to a therapeutic 
, soluble mannose receptor peptide. The ^"^"^ 
thus formed can serve to Kill or inhibit growth of the 

target cell, such as HIV. 

TO form such hybrid peptides, nucleic acid 
encoding such toxins can be ligated by well known 
5 techniques to nucleic acid encoding a soluble mannose 
receptor peptide according to the invention, and the 
fused nucleic acid can be expressed as a single entity 
form a hybrid peptide (for example, as described by 
Hurphy, U.S. Patent «.. 4,675,3,3. hereby incorporated by 
J0 reference,. (By ligated is meant linked somatically or 
chemically to form a single nucleic acid entity.) 
Alternatively, the two peptides can be synthesized 
separately and linked chemically (for example, as 
described by Ross, D.S. Patent No. 4,275,000, hereby 
35 incorporated by reference) . 
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iv nucleic acid encoding a complement- 
fixing region, e.g., «• » ^nose-binding 

protein, can be enoodlng . solubl e 

. a hybrid molecule with nuclei n t o£ suoh 

mannose receptor protein. The P 

nucleic acid can he used to ^ ^ ^ 

surf ace carbohydr atemoiet ~ ^ * ictivated 

complement f t binding o£ macrophages to 

10 complement will then stim subse quent 
the targeted pathogenic cells and their 
ingestion by the macrophages. 



-T ? fn»<on nroteiu 

"Z... Deo tide-immunoglobulm 
X soluble mannose receptor pep 

t usion protein can be ^J^, a „ 

soluble mannose receptor ^ tld ° . Th e 

oll gonucleotide linKer „ ^ and the 

resulting plasmid can be doBaln can be 

portion encoding ^ seqU ence o £ an 

"'""llun ^ igcl, expression plasmid 

immunoglobulin (e.g , 1990). Such 

(Aru£t o et al., cell 51= "03-131 ^ ^ 
expression vectors contain m their 3 r 3 
immunoglobulin heavy Cham «-^^*^ plMmt . A 
tbree. which have the capacity t > f» - P e 
fU sion protein expressed from •»* « ^" >t the „ end of 
would contain a complement-fixing region 
a soluble mannose receptor peptide. 

X„ another construct, c BN * encoding an 
immunoglobulin signal peptide fused J 

-fixing 

region, ^^"Votein (B-Kowitz, 

region of the mannose-binding prote in ( 

mtemational Patent Wl»»t»n£ » / ^ 

February 23 , 1989) can be engineered to 



15 



20 



25 



30 
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cysteine-rich and f ibronectin binding domains of a 
soluble mannose receptor peptide. The fusion protein 
expressed from such a cDNA sequence would contain a 
complement-fixing region in the amino terminal portion of 
5 the molecule, preceding the carbohydrate recognition 

domains. , 

Soluble mannose receptor peptides according to the 

invention may be administered by routine methods m 

pharmaceutical^ acceptable carrier substances, i.e., 

XO inert substances suitable for pharmaceutical use such as 

the dispensing of drugs or medicine. For example, they 

can be administered in an aerosol form to treat, e.g., 

Pneumocystis carinii. Alternatively, they may be 

administered orally or parenteral^ , e.g., they can be 

15 injected directly into the blood stream of an animal, 

especially humans, to a level of between 1-500 

serum (most preferably, 100-150 /xgMD final 

concentration, and this dose repeated to maintain this 

level. The peptides can be administered prophylactically 

20 or after infection* 

in a specific prophylactic use, soluble mannose 
receptor peptides may be used to coat intravenous or 
•urethral catheters (e.g., by chemical impregnation of the 
catheter material with the peptide) to prevent infection 
25 in immunocompromised patients (e.g., cancer ^*» tS 

subjected to long term intravenous chemotherapy). Such 
catheters will bind infective organisms and prevent their 

entrv into the patient. 

in a specific therapeutic use, the soluble *annose 
30 receptor peptide Bay be applied topically in powder or 

lotion fol (at a concentration of between 56-100 „,*». 
for example, to treat local infections, such as bactenal 
infection, yeast infection, or infection with 
^^hoohvton . which causes athlete's foot. 
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Soluble mannose receptor peptides can also be used 
as a diagnostic tool, e.g., for the diagnosis of fungal 
diseases. Fungi infecting an animal will shed a mannose 
rich polysaccharide into the serum. A sample of serum 
5 from a patient (e.g., IOOmD can be analyzed with 

fluorescently-labelled soluble mannose receptor P^ lde 
to observe binding to the fungal polysaccharide coat 
the degree of binding can be related to the degree of 
fugal infection remaining following a course of 
10 treatment. In an alternative diagnostic « rtl »^ t ** 

degree of binding of the soluble mannose receptor pept.de 
can be detected by using a labelled antibody that 
specifically recognizes the peptide. Approbate 
subsequent treatment can be planned accordingly. 

15 nt-her Ep tanfl intents 

As described above, the invention generally 
features peptides that include a MRP-derived carbohydrate 
recognition domain. The genetic material encoding 
soluble mannose receptor peptide (deposited as descr bed 
20 above as ATCC No. 68430) can be used to generate a large 
number of recombinant peptides by fragments the full 
length nucleic acid and expressing candidate fragments. 
Alternatively, as described above, standard molecular 
biological, techniques may be used to isolate other 
25 nucleic acid (especially cDNA) clones encoding 

mannose receptor peptides. These clones can also be used 
to express candidate fragment peptides. As Ascribed, 
preferred fragments are those containing multiple CRDs. 
Various assays may be used to determine whether a 
30 particular candidate peptide has carbohydrate recognition 

abilitY in addition to the affinity column chromatographic 
assay described above, another assay invoices binding and 
uptake of I 125 -labeled mannose-BSA. Specifically," 

,*v Tabs CA) is radiolabeled as described 
35 mannose-BSA (EY Labs, oa> 
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(Ezekowitz et al., J. Exp. Med. 154:60, 1981), and 
binding and uptake of radiolabled ligand is performed on 
COS-I cells transf ected with cloned cDNA encoding the 
candidate peptide. COS-I cells transf ected with CD64 

5 serve as controls, and thioglycollate elicited mouse 
peritoneal macrophages serve as a positive control. 

Another assay utilizes antibody that specifically 
recognizes a soluble mannose receptor peptide. The 
antibody may be linked with a fluorescent tag and 

10 antibody-peptide binding identified flow cytometrically . 
Alternatively, the antibody may be immobilized for assay 
use or employed in an enzyme linked immunosorbent assay 
or ELIZA test. 
Deposits 

15 Plasmid SMR, in CDM8 in E-coli strain MC1061/P3, 

was deposited on Oct. 2, 1990, with the American Type 
Culture Collection (ATCC) as ATCC No. 68430. 

Applicant's assignee, Children's Medical Center 
Corporation, represents that the ATCC is a depository 
20 affording permanence of the deposit and ready 

accessibility thereto by the public if a patent is 
granted. All restrictions on the availability to the 
public of the material so deposited will be irrevocably 
removed upon the granting of a patent. The material will 
25 be available during the pendency of the patent 

application to one determined by the Commissioner to be 
entitled thereto under 37 CFR 1.14 and 35 use 122. The 
deposited material will be maintained with all the care 
necessary to keep it viable and uncontaminated for a 
30 period of at least five years after the most recent 

request for the furnishing of a sample of the deposited 
microorganism, and in any case, for a period of at least 
thirty (30) years after the date of deposit or for the 
enforceable life of the patent, whichever period is 
35 longer. Applicant's assignee acknowledges its duty to 
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reolace the deposit should the depository be unable to 
ZZ « when guested due to the ccdxt-n «* 

the deposit. 
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TTGCGTCTTA GTTCCGCCCT CCTGTCCATC AGGAGAAGGA AAGGATAAAC CCTGGGCC 

ATG AGG CTA CCC CTG CTC CTG GTT TTT GCC TCT GTC ATT CCG GOT GCT 
Set Eg Leu Pro Leu Leu Leu Val Phe Ala Ser Vat He Pro Gly Ala 
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15 



20 



45 



-15 



GTT CTC CTA CTG GAC ACC AGG CAA TTT TTA ATC TAT AAT GAA GAT CAC 
vJ Teu Leu Leu Asp Thr Arg Gin Phe Leu lie Tyr Asn Glu Asp H,s 

\ 5 10 

AAG CGC TGC GTG GAT GCA GTG AGT CCC AGT GCC GTC CAA ACC GCA GCT 
Lys Arg Cys Val Asp Ala Val Ser Pro Ser Ala Val Gin Thr Ala 
15 20 25 

TGC AAC CAG GAT GCC GAA TCA CAG AAA TTC CGA TGG GTG TCC GAA TCT 

C?s Tsn "n fsp Ma Glu Ser Gin Lys Phe Arg Trp Val Ser Glu Ser 

35 40 H3 

CAG ATT ATG AGT GTT GCA TTT AAA TTA TGC CTG GGA GTG CCA TCA AAA 
"n He Met Ser Val Ala Phe Lys Leu Cys Leu Gly Val Pro Ser Lys 
50 55 60 

ACA GAC TGG GTT GCT ATC ACT CTC TAT GCC TGT GAC TCA AAA AGT GAA 
Thr Asp Trp Val Ala He Thr Leu Tyr Ala Cys Asp Ser Lys Ser Glu 
65 .70 75 

TTT CAG AAA TGG GAG TGC AAA AAT GAC ACA CTT TTG GGG ATC AAA GGA 
Phe Gin Lys Trp Glu Cys Lys Asn Asp Thr Leu Leu Gly He Lys Gly 



r»« riT TTA TTT TTT AAC TAC GGC AAC AGA CAA GAA AAG AAT ATT ATG 

^ Asp Leu III Phe "n Sr Gly Asn Arg Gin Glu Lys Asn He et 
25 95 100 105 

CTC TAC AAG GGA TCG GGT TTA TGG AGC AGG TGG AAG ATC TAT GGA ACC 

Leu "r t£ ITy ser Gly Leu Trp Ser Arg Trp Lys He Tyr ly Thr 

120 



ACA GAC AAT CTG TGC TCC AGA GGT TAT GAA GCC ATG TAT ACG CTA CTA 
30 Thr Asp Leu Cys Sen Arg Gly Tyr Glu Ala Het Tyr Thr Leu Leu 

130 135 ™ u 

GGC AAT GCC AAT GGA GCA ACC TGT GCA TTC CCG TTC AAG TTT GAA AAC 
S fsn Ma £> Gly Ala Thr Cys Ala Phe Pro Phe Lys Phe Glu Asn 
145 150 155 

AAG TGG TAC GCA GAT TGC ACG AGT GCT GGG CGG TCG GAT GGA TGG CTC 
35 Ss Trp T A yr Ma Asp Cys Thr Ser Ala Gly Arg Ser Asp Gly Trp Leu 



160 165 170 

TGG TGC GGA ACC ACT ACT GAC TAT GAC ACA GAC AAG CTA TTT GGA TAT 
Trp Cys Gly Thr Thr Thr Asp Tyr Asp Thr Asp Lys Leu Phe Giy iyr 
40 175 180 185 

TrT CCA TTG AAA TTT GAG GGC AGT GAA AGC TTA TGG AAT AAA GAC CCG 
Z Pro leu *s S Glu Gly Ser Glu Ser Leu Trp Asn Lys Asp Pro 



CTG ACC AGC GTT TCC TAC CAG ATA AAC TCC AAA TCC GCT TTA ACG TGG 
Leu Thr Ser Val Ser Tyr Gin He Asn Ser Lys Ser Ala Leu Thr irp 
210 215 220 

CAC CAA GCG AGG AAA AGC TGC CAA CAA CAG AAC GCT GAG CTC CTG AGC 



63 

111 
159 
207 
255 



303 



351 



399 



447 



495 



543 



591 



639 



687 



735 



783 



831 
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His Gin Ala Arg Lys Ser Cys Gin Gin Gin Asn Ala Glu Leu Leu Ser 
225 230 235 

ATC ACA GAG ATA CAT GAG CAA ACA TAC CTG ACA GGA TTA ACC AGT TCC 879 
lie Thr Glu He His Glu Gin Thr Tyr Leu Thr Gly Leu Thr Sep Ser 
5 240 245 250 

TTG ACC TCA GGA CTC TGG ATT GGA CTT AAC AGT CTG AGC TTC AAC AGC 927 
Leu Thr Ser Gly Leu Trp lie Gly Leu Asn Ser Leu Ser Phe Asn Ser 
255 260 265 270 

GGT TGG CAG TGG AGT GAC CGC AGT CCT TTC CGA TAT TTG AAC TGG TTA 975 
10 Gly Trp Gin Trp Ser Asp Arg Ser Pro Phe Arg Tyr Leu Asn Trp Leu 

275 280 285 

CCA GGA AGT CCA TCA GCT GAA CCT GGA AAA AGC TGT GTG TCA CTA AAT 1023 
Pro Gly Ser Pro Ser Ala Glu Pro Gly Lys Ser Cys Val Ser Leu Asn 
290 295 300 

15 CCT GGA AAA AAT GCT AAA TGG GAA AAT CTG GAA TGT GTT CAG AAA CTG 1071 

Pro Gly Lys Asn Ala lys Trp Glu Asn Leu Glu Cys Val Gin Lys Leu 
305 310 315 

GGC TAT ATT TGC AAA AAG GGC AAC ACC ACT TTA AAT TCT TTT GTT ATT 1119 
Gly Tyr lie Cys Lys Lys Gly Asn Thr Thr Leu Asn Ser Phe Val lie 
20 320 325 330 

CCC TCA GAA AGT GAT GTG CCT ACT CAC TGT CCT AGT CAG TGG TGG CCG 1167 
Pro Ser Glu Ser Asp Val Pro Thr His Cys Pro Ser Gin Trp Trp Pro 
335 340 345 350 

TAT GCC GGT CAC TGT TAC AAG ATT CAC AGA GAT GAG AAA AAA ATC CAG 1215 
25 Tyr Ala Gly His Cys Tyr Lys lie His Arg Asp Glu Lys Lys lie Gin 

355 360 365 

AGG GAT GCT CTG ACC ACC TGC AGG AAG GAA GGC GGT GAC CTC ACA AGT 1263 
Arg Asp Ala Leu Thr Thr Cys Arg Lys GLu Gly Gty Asp Leu Thr Ser 
370 375 380 

30 ATC CAC ACC ATC GAG GAA TTG GAC TTT ATT ATC TCC CAG CTA GGA TAT 1311 

He His Thr lie Glu Glu Leu Asp Phe He He Ser Gin Leu Gly Tyr 
385 390 395 

GAG CCA AAT GAC GAA TTG TGG ATC GGC TTA AAT GAC ATT AAG ATT CAA 1359 
Glu Pro Asn Asp Glu Leu Trp He Gly Leu Asn Asp He Lys He Gin 
35 400 405 410 

ATG TAC TTT GAG TGG AGT GAT GGG ACC CCT GTA ACG TTT ACC AAA TGG 1407 
Het Tyr Phe Glu Trp Ser Asp Gly Thr Pro Val Thr Phe Thr Lys Trp 
415 420 425 430 

CTT CGT GGA GAA CCA AGC CAT GAA AAC AAC AGA CAG GAG GAT TGT GTG 1455 
40 Leu Arg Gly Glu Pro Ser His Glu Asn Asn Arg Gin Glu Asp Cys Val 

435 440 445 

GTG ATG AAA GGC AAG GAT GGG TAC TGG GCA GAT CGG GGC TGT GAG TGG 1503 
Val Met Lys Gly Lys Asp Gly Tyr Trp Ala Asp Arg Gly Cys Glu Trp 
450 455 460 

45 CCT CTT GGC TAC ATC TGC AAG ATG AAA TCA CGA AGC CAA GGT CCA GAA 1551 

Pro Leu Gly Tyr lie Cys Lys Het Lys Ser Arg Ser Gin Gly Pro Glu 
465 470 475 
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MA GTG GAA GTC GAA AAA GGC TGC AGG AAA GGC TGG AAA AAA CAT CAC 

lie Vat Glu Val Glu Lys Gly Cys Arg Lys Gly Trp lys Lys His 
480 485 * w 

495 500 505 

AAC .CAA ACC TOT AAT AAT GAG AAT GOT TAT TTA ACA ACT ATT GAA CAC 

Asn Gin Thr Cys Asn Asn Glu Asn Ala Tyr Leu in ^ 
510 515 

545 550 
560 565 

„ Z n. t« « j j ™ «; .« «. «. «= « «; ™ 

Gly Gly Leu Trp Asp Val Leu Lys cys asp uiu y m 
590 595 

625 630 
640 645 

S = S S S S K S = S S s S S 2 E 

655 660 
AGC ATC AAT AAC AAA GAG GAA CAC CAA ACA ATA TGG CGA TTA ATA ACA 
Ser He Asn Asn Lys Glu Glu Gin Gin Thr He Trp Arg ^ 
670 675 

690 695 
AGC CCT T« GAA GGT TTT ACT TGG ACT GAT GGT TCT CCT GTT TCA TAT 

Ser Pro Ser Glu Gly Phe Thr Trp Ser as P i»iy 
705 710 

720 725 
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TGT GGT GAG CTG AAA GGT GAC CCT ACT ATG TCT TGG AAT GAT ATT AAT 
Cys Gly Glu Leu Lys Gly Asp Pro Thr Met Ser Trp Asn Asp lie Asn 
735 740 745 

TGT GAA CAC CTT AAC AAC TGG ATT TGC CAG ATA CAA AAA GGA CAA ACA 
Cys Glu His Leu Asn Asn Trp lie Cys Gin He Gin Lys Gly Gin Thr 
750 755 760 765 

CCA AAA CCT GAG CCA ACA CCA GCT CCT CAA GAC AAT CCA CCA GTT ACT 
Pro Lys Pro Glu Pro Thr Pro Ala Pro Gin Asp Asn Pro Pro Val Thr 
770 775 780 

GAA GAT GGG TGG GTT ATT TAC AAA GAC TAC CAG TAT TAT TTC AGC AAA 
Glu Asp Gly Trp Val lie Tyr Lys Asp Tyr Gin Tyr Tyr Phe Ser Lys 
785 790. 795 

GAG AAG GAA ACC ATG GAC AAT GCG CGA GCG TTT TGC AAG AGG AAT TTT 
Glu Lys Glu Thr Met Asp Asn Ala Arg Ala Phe Cys Lys Arg Asn Phe 
800 805 870 

GGT GAT CTT GTT TCT ATT CAA AGT GAA AGT GAA AAG AAG TTT CTA TGG 
Gly Asp Leu Val Ser lie Gin Ser Glu Ser .Glu Lys Lys Phe Leu Trp 
815 820 825 

AAA TAT GTA AAC AGA AAT GAT GCA CAG TCT GCA TAT TTT ATT GGT TTA 
Lys Tyr Val Asn Arg Asn Asp Ala Gin Ser Ala Tyr Phe lie Gly Leu 
830 835 840 845 

TTG ATC AGC TTG GAT AAA AAG TTT GCT TGG ATG GAT GGA AGC AAA GTG 
Leu He Ser Leu Asp Lys Lys Phe Ala Trp Met Asp Gly Ser Lys Val 
850 855 » 0 

- GAT TAC GTG TCT TGG GCC ACA GGT GAA CCC AAT TTT GCA AAT GAA GAT 
Asp Tyr Val Ser Trp Ala Thr Gly Glu Pro Asn Phe Ala Asn Glu Asp 
865 870 875 

GAA AAC TGT GTG ACC ATG TAT TCA AAT TCA GGG TTT TGG AAT GAC ATT 
Glu Asn Cys Val Thr Met Tyr Ser Asn Ser Gly Phe Trp Asn Asp He 
880 885 890 

AAC TGT GGC TAT CCA AAC GCC TTC ATT TGC CAG CGA CAT AAC AGT AGT 
Asn Cys Gly Tyr Pro Asn Ala Phe He Cys Gin Arg His Asn Ser Ser 
S95 900 °05 

ATC AAT GCT ACC ACA GTT ATG CCT ACC ATG CCC TCG GTC CCA TCA GGG 
He Asn Ala Thr Thr Val Met Pro Thr Met Pro Ser Val Pro Ser Gly 
o 10 915 920 925 

TGC AAG GAA GGT TGG AAT TTC TAC AGC AAC AAG TGT TTC AAA ATC TTT 
Cys Lys Glu Gly Trp Asn Phe Tyr Ser Asn Lys Cys Phe Lys He Phe 
930 935 940 

GGA TTT ATG GAA GAA GAA AGA AAA AAT TGG CAA GAG GCA CGA AAA GCT 
6ly Phe Met Glu Glu Glu Arg Lys Asn Trp Gin Glu Ala Arg Lys Ala 
945 950 955 

TGT ATA GGC TTT GGA GGG AAT CTG GTC TCC ATA CAA AAT GAA AAA GAG 
Cys He Gly Phe Gly Gly Asn Leu Val Ser He Gin Asn Glu Lys Glu 
960 965 970 

CAA GCA TTT CTT ACC TAT CAC ATG AAG GAC TCC ACT TTC AGT GCC TGG 
Gin Ala Phe Leu Thr Tyr His Met Lys Asp Ser Thr Phe Ser Ala Trp 
975 980 985 



2367 



2415 



2463 



2511 



2559 



2607 



2655 



2703 



2751 



2799 



2847 



2895 



2943 



2991 



3039 



3087 
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990 995 

R S S 22 2 E 22 2 S 2 22 2 2 

1040 1045 

222 2 2222222 22 22S 

1055 1060 1065 

AAT CCT CCA GCA ACG ATT CAA ACA GAT GGC TTT GTT AAA TAT GGC AAA 
£ Pro S S S .J^Oln Thr Asp Gly PheVal Lys Tyr Gly I* 

- 2 C 5S = S S S K S EE 5 = K = S 
S S 5 K 2 S = = = S = = - = = - 



TAC AGT AAT GCA TTT GCG TGG CTG CAG ATG GAA ACA TCT AAT 
Tyr Set Asn Ala Phe Ala Trp Leu Gin Met Glu Thr Sep Asn 
1125 1130 1135 

GTG TGG ATC GCC CTG AAC AGT AAC TTG ACT GAT AAT CAA TAC 
K TPP He Ala Leu Asn Ser Asn Leu Thr Asp Asn Gin Tyr 
1140 1145 



GAA CGT 
Glu Arg 



ACT TGG 
Thr Trp 



GAG CCC 
Glu Pro 
1170 

TGG AAG 
Trp Lys 
1185 



ACT GAT AAG TGG AGG GTG AGG TAC ACT AAC TGG GCT GCT GAT 
S Z IS Trp *r 9 Val Arg Tyr Thr Asn Trp AU Ala Asp 
1155 1160 1165 

AAA TTG AAA TCA GCA TGT GTT TAT CTG GAT CTT GAT GGC TAC 
Lys Leu Lys Ser Ala Cys Val Tyr Leu Asp Leu Asp Gly Tyr 
1175 1180 

ACA GCA CAT TGC AAT GAA AGT TTT TAC TTT CTC TGT AAA AGA TCA GAT 
S K 51 Cys Asn Glu Ser Phe Tyr Phe Leu Cys Lys Arg Ser Asp 
1190 1,95 

rAA ATC CCT GCT ACT GAA CCC CCA CAA CTG CCT GGC AGA TGC CCG GAG 
£ 55 Z Ma Sr Glu Pro Pro Gin Leu Pro Gly Arg Cys Pro Glu 
1205 1210 

2E.E2S22j=2ES22S2K 
2 22 22 S = 2 S 2 E 2 2 2 2 2 

12 35 12^0 * M 



3135 



3183 



3231 



3279 



3327 



3375 



3423 



3471 



3519 



3567 



3615 



3663 



3711 



3759 



3807 



3855 



CCA ATG OCT TCC TCI CTC GTI ICC ATT GAA ACT OCT CCA GAA TCC ACT 3903 
S 25 S Er Lou Val Ser He GU, Ser M. M. Glu Ser Ser 
1255 1260 •»* 

TTT CTG TCA TAT CGC CTT GAG CCA CTT AAA AGT AAA ACC AAT TIT TCG 3951 
III Leu Ser Tyr Arg V.1 Clu Pro Leu Lys Ser Lys Thr Asn Phe Trp 
1270 '275 1Z80 

»t» rrt ttc TIC AGA AAT GIT GAA GGG ACG TGG CTG TGG ATA AAT AAC 3999 
H« Gly Leu Phe Ar 9 Asn V.l Clu Gly Thr Trp Leu Trp lie Asn Asn 
1285 1290 1295 

ir-T CCC GTC TCC TTT CTC AAC TCC AAC ACA GGA GAT CCC TCT GGT GAA 4047 
£1 £o !S Ser Phe V.l Asn Trp Asn Thr Gly Asp Pro Ser Gly Clu 

1300 1305 1310 

CGC AAT GAT TCT GIG ACT TTA CAT GCG TCT TCT CGG TTT TGG AGT AAT 4095 
Arg £n Asp Cys Val Thr Leu HI. AL Ser Ser Gly Phe Trp Ser Asn 
1315 "20 1325 

ATT CAC TGI TCT TCC TAC AAA GGA TAT ATT TGT AAA AGA CCA AAA ATT 4143 
lie Kis Cys Ser Ser Tyr Lys Gly Tyr lie Cys Lys Arg Pro Lys lie 
t335 1340 

ATT GAT GCT AAA CCT ACT CAT GAA TTA CTT ACA ACA AAA GCT GAC ACA 4191 
Ue Asp Al. Lys Pro Thr His Glu Leu Leu Thr Thr Lys Ala Asp Thr 
1350 1355 '*ou 

AGG AAG ATG GAC CCT TCT AAA CCG TCI TCC AAC CTG GCC GGA GTA GTC 4239 
Arg ™ Met Asp Pro Ser Lys Pro Ser Ser Asn V.l Al. Gly V.l V.l 

^365 1370 

ATC ATT GIG ATC CTC CTG ATT TTA ACG GGT GCT GGC CTT GCC GCC TAT 4287 
lie lie V.l lie Leu Leu He Leu Thr Gly Ala Gly Leu Ala Al. Tyr 
1 1380 1385 "90 

TTC TTT TAT AAG AAA AGA CGT GTG CAC CTA CCT CAA GAG GGC GCC TTT 4335 
£ Phe Tyr £ Lys Ar, Ar, V.l H.s Leu Pro Gin Glu Gly Al. he 
1395 1400 1405 W» 

GAA AAC ACT CTG TAT TIT AAC AGT CAG TCA AGC CCA GGA ACT AGT GAT 4383 
8S Asn Thr Leu Tyr Phe Asn Ser Gin S.r Ser Pro Gly Thr Ser Asp 
1415 H20 

ATG AAA GAT CTC GTG CGC AAT ATT GAA CAG AAT GAA CAC TCG GTC ATC 
Set Lys Asp Leu V.l Gly Asn lie Glu Gin Asn Glu Hi. Ser V.l tie 
1430 1435 1M,U 



TAG TACCTCAATG CGAI.ICTGAG ATATTTGAAT TTCATAAAAT TGTAACTGAA 



4431 



4484 



End 



ATTTAAAATT TTTAGTTCAA TGTGATTGTT TTCTTTAAAA TGAGTACTGA ATIGTACTGG 4544 

TCTGTCCTTT TTTCCTTTGC CTAATTGAAG AAATAATTGC TTGT.TTTCTA GCCTG6CAAG 4604 

ATATTTTCAT AAAAGAGGGA TAACAATGCT GAT TACT ACC TTTTAAAATA TTTTAGATAA 4664 

ATCCACAGCA CCACAGCACC ACATCTAAGC ATTAGTGATG GGTAGCTGAT GTCA6CTTCA 4724 

TGTGGATTTT AAGCACTCTA GAAACAATGA AGCTTCTTGG CATATTTTAA GGAGCTCCCA 4784 

AAATGTGTTA CCTATTAAAT TCTAACTCAG CAAGTAGAAG ACCATTTCAA AAGTCAGGTA 4844 

CAAATTTCCT CAAGTGGCAT AAAAATGTAG TCAGTTTICT CTTTTACCAG TTTTTATTTC 4904 
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CACTCCAATT ATTTAGAACT TTATTTGTAC 
TTGTTTCCCC CAAGAGAGTT TTACAGGCTG 
TATCTATATC AGGAATACAA GGATGTGAAA 
CTTAGA7AAT GTGAAATAAA CATTAAAGAC 
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ATGTCCAGAA GAATAAGGCA GCTGAGAATC 4964 
AGTGTTGCAA ATGTGTTCTT TG1CCTCTTA 5024 
TAAAACTGTA AATTTGCATA ACTGGATGTA 5064 
AAGGTCTATT TTTAATAAAA AAAAAAAAAA 5144 

5U5 
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What is claimed is: 



1. A soluble recombinant peptide comprising at 



2 least one' carbohydrate recognition domain, derived from an 
extracellular portion of mannose receptor protein, saxd 

J 4 ^ +- -r- rs Y"K 



peptide lacking the mannose receptor protexn transmembrane 
and cytoplasmic regions, said peptide being capable of 
specifically targeting cells expressing mannose, N- 



7 acetylglucosamine, or fucose. 



x 2 The peptide of claim 1 comprising a sequence 

with greater than 75% homology to a fragment of at least 150 



contiguous amino. acids of mannose receptor protein. 



! 3 The peptide of claim 1 comprising at least 150 

2 contiguous amino acids of mannose receptor protein. 

4 The peptide of claim 1 comprising a sequence 
with greater than 75% homology to a fragment of at least 300 



contiguous amino acids of mannose receptor protein. 



! . 5. The peptide of claim 1 comprising at least 300 

2 contiguous amino acids of mannose receptor protexn. 

x 6 The peptide of claim 1 comprising at least one 

2 complete carbohydrate recognition domain from mannose 



3 receptor protein, shown in Fig. 



3. 



1 
2 



7 The peptide of claim 1 comprising at least two 
complete carbohydrate recognition domains from mannose 



3 receptor protein, shown in Fig. 
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8 The peptide of cUl> 1 uprising at least two 
oopi es of' a t— ate recognition do M in «- -nose 
reception protein, shown in Fig. 3. 

9 . The peptide of claim 1 further comprising a 
segment capable of fixing complement. 

of claim 9 wherein said peptide 

10 - *"* r^eTnxU region of —globulin heavy 

2 comprises a complement-fixing j- y 

3 chain. 

x . u . The peptide of clai* 1 further co-prising a 

2 cytotoxin. 

12 . The peptide of clai» 11 wherein said cytotoxin 
, is AZT, ricin. pertussis, or cholera to*xn. 

„. Engineered nucleic acid encoding the peptide of 
2 claim l. 

14 . The engineered nucleic acid of clai* 13 wherein 

2 said nucleic acid is cDNA. 

15 . * nudeic acid fragment substantially 
responding to at ieast 450 -f^^ar ^ent of 

3 nudeio acid encoding - ™ in the 

4 ma n„ose receptor protein < 5 encodins a solublG 

5 ATCC as ATCC NO. 68430, £ „ eJtpre ssing 
peptide capable of specially targeti 



6 
7 

1 
2 



Lnose, N-acetylglucosamine, or fucose. 

16 . Engineered nucleic acid 

. * , h p nucleic acid encoding the soluble 
corresponding to the nucleic a 
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3 extracellular fragment of mannose receptor protein (SEQ ID 

4 NO: 1), deposited in the ATCC as ATCC No. 68430. 

1 17. An expression vector comprising the engineered 

2 nucleic acid of claim 13. 

x 18. A recombinant cell comprising the engineered 

2 nucleic acid of claim 13. 

19. A therapeutic agent comprising a 
therapeutically effective .amount of the 

3 administered in a pharmaceutical^ acceptable carrxer 

4 substance . 

1 20. The therapeutic agent of claim 19 comprising a 

2 lyposome coated with the soluble peptide. 

21. A method for treating an animal infected with a 
2 bacterium, a fungus, or a virus, said method comprising the 

I ^ providing the therapeutic agent of claim 19 and 

5 administering to the animal a therapeutically 

6 effective amount of said agent. 

x 22. The method of claim 21 wherein said animal is 

2 human. 

23 The method of claim 22 wherein said peptide is 

2 administered by application of a powder or a lotion 

3 comprising said peptide to the foot. 
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24. The method of claim 21 wherein said agent 
lowers the level of infection of eucaryotic cells by said 
3 bacterium, fungus, or virus. 

1 25. A purified antibody specifically recognizing 

2 the peptide of claim 1. 



! 26. A method for diagnosing, in an animal, an 

2 infection by a bacterium, a fungus, or a virus, said method 

3 comprising the steps of 

4 providing a sample of serum from the animal, 

5 contacting said serum with an effective amount of ■ 

6 the peptide of claim 1, and 

7 measuring the amount of binding of said peptide to 

8 said serum sample. 



1 

2 



27. The method of claim 26 wherein said animal is 
human and said infection is by a fungus. 



1 28. The method of claim 26 wherein said measuring 

2 step comprises determining the amount of binding of an 

3 antibody specific for said peptide to a serum sample 

4 containing said peptide. 

! 29. The method of claim 26 wherein said measuring 

2 step comprises fluorescence detection. 

1 • 30. A purified soluble peptide comprising the 

2 extracellular portion of mannose receptor protein, said 

3 peptide lacking the mannose receptor protein transmembrane 

4 and cytoplasmic regions. 
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